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Question 6 


Intent of Question 


The primary goals of this question were to assess a student’s ability to (1) describe what constitutes a Type II 
error for a specific hypothesis test; (2) specify a rejection region in terms of values of the sample mean; (3) 
compute the power of a test for a specific value in the alternative hypothesis; (4) recognize the definition of 
power; and (5) understand the impact of increasing the sample size on the power of a test. 


Solution 

Part (a): 
A Type II error occurs when the alternative hypothesis is true, but the null hypothesis is not rejected. In this 
situation a Type II error would happen if the mean systolic blood pressure of the population of employees is 
greater than 122 mmHg, but the null hypothesis that it is 122 mmHg is not rejected. In other words a Type II 
error would happen if the mean blood pressure for the population of employees is higher than the national 
average, but the test does not conclude that it is higher. 


Part (b): 


The test is one: 





-sided and the standard deviation is known, so the null hypothesis will be rejected if the test 





statistic z = a > 1.645. With « = 122, o = 15, and n = 100, we get Ae > 1.645. Therefore, 
An 
X > 124.4675. 
Part (c): 


If the actual population mean is 125, with o = 15 and n = 100, then the sampling distribution of X is 





approximately normal with mean of 125 and standard deviation = 1.5. Therefore, 


15 
V100 
Eads, 1244675 125) = P(z > 0.355) = 0.64. 


P(X > 124.4675) = ( 3 


Part (d): 
The probability found in part (c) is called the power of the test. 
Part (e): 


If the sample size is increased from 100 to something larger, the probability of rejecting the null hypothesis 
when the population mean is 125 will be higher than it is for a sample of size 100. Intuitively, more data 
provide a higher probability of a correct conclusion. The technical explanation is that the rejection region will 
still be z > 1.645, but the sampling distributions of the sample mean will have a smaller standard deviation; 
therefore, the minimum value of x for which we would reject the null hypothesis would be lower and, in 
return, the probability the null hypothesis is rejected will increase. 


© 2018 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 


AP® STATISTICS 
2018 SCORING GUIDELINES 


Question 6 (continued) 


Scoring 


This question is scored in three sections. Section 1 consists of part (a) and part (b), section 2 consists of part (c), 
and section 3 consists of part (d) and part (e). Sections 1, 2, and 3 are scored as essentially correct (E), partially 
correct (P), or incorrect (I). 


Section 1 is scored as follows: 


Essentially correct (E) if the response satisfies the following four components: 

1. Part (a) includes in the description of a Type II error the fact that the alternative hypothesis is true, 
either generically or in context of the situation. 

2. Part (a) includes in the description of a Type II error the fact that the null hypothesis is not rejected, 
either generically or in context of the situation. 

3. Part (b) includes a correct z-score for the upper 5 percent tail and indicates the correct direction for 
the rejection region. 

4. Part (b) includes w, = 122, o, = 1.5, and the resulting ¥ value. 


Partially correct (P) if the response satisfies only two or three of the four components. 
Incorrect (I) if the response does not meet the criteria for E or P. 


Notes: 

e If the response in part (a) does not include context, the number of components satisfied is reduced 
by one (that is, from four to three, or from three to two, and so on). Context includes a reference to 
units, to blood pressure, to employees, etc. 

e Ifa response in part (a) is clearly referring to an individual’s blood pressure as opposed to the mean 
blood pressure of all employees, neither components | nor 2 are satisfied. 


Section 2 is scored as follows: 


Essentially correct (E) if the response satisfies the following three components: 

1. Recognizes that the null hypothesis will be rejected when x = 124.4675, as found in part (b). 

2. Provides the correct sampling distribution for the sample mean when the true mean is 125, including 
correct values for the mean and standard deviation, either explicitly or by plugging them into the test 
statistic formula. 

3. Provides evidence of using the normal curve and finds the correct probability value. 


Partially correct (P) if the response satisfies only two of the three components. 
Incorrect (I) if the response does not meet the criteria for E or P. 


Notes: 
e Components | and 3 can still be satisfied if errors made in finding the rejection region in part (b) are 
carried into part (c). 
e Acalculator statement that does not include labels for input values does not satisfy component 2 but 
may still satisfy components | and 3. 
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Question 6 (continued) 


Section 3 is scored as follows: 


Essentially correct (E) if the response satisfies the following four components: 


1. 
2. 
3. 


4. 


Part (d) specifies power as the name of the probability. 

Part (e) correctly states that the probability would be greater. 

Part (e) correctly implies that the standard deviation of the sampling distribution decreases, either 
explicitly or by substituting values into a formula. 

Part (e) indicates the minimum value of ¥ for which the null hypothesis is rejected decreases, either 
explicitly or by substituting values into a formula. 


Note: Component 4 can still be satisfied if a response indicates that a maximum value of X for which the null 
hypothesis is rejected increases if this direction is consistent with answers in parts (b) and (c). 


Partially correct (P) if the response satisfies only two or three of the four components. 


Incorrect (I) if the response does not meet the criteria for E or P. 
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Question 6 (continued) 
Complete Response 
Three sections essentially correct 
Substantial Response 
Two sections essentially correct and one section partially correct 
Developing Response 
Two sections essentially correct and no sections partially correct 


OR 
One section essentially correct and one or two sections partially correct 


OR 
Three sections partially correct 
Minimal Response 


One section essentially correct 


OR 
No sections essentially correct and two sections partially correct 

OR 
Sections | and 2 incorrect, and section 3 partially correct with exactly three of the 
four components satisfied 

OR 


Section | partially correct with exactly three of the four components satisfied, and 
sections 2 and 3 incorrect 
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STATISTICS 
SECTION IT 
Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section II score—25 


Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


6. Systolic blood pressure is the amount of pressure that blood exerts on blood vessels while the heart is beating. 
The mean systolic blood pressure for people in the United States is reported to be 122 millimeters of mercury 
(mmHg) with a standard deviation of 15 mmHg. P 
The wellness department of a large corporation is investigating whether the mean systolic blood pressure of 
its employees is greater than the reported national mean. A random sample of 100 employees will be selected, 
the systolic blood pressure of each employee in the sample will be measured, and the sample mean will be 
calculated. 

Let y represent the mean systolic blood pressure of all employees at the corporation. Consider the following 


hypotheses. 
Hy : # = 122 
H, : > 122 
(a) Describe a Type UJ error in the context of the hypothesis test. 
fis\ 


Wye TE er ohn Jou roittolenty 

reduce Pe He when EM, Ble, 

Th mu techn, % Wye BY ewer rd mean 
Pet Pe Sedy Concladea Det Tare 5 iegintfrerent 


: \ 
enrdunce te Prine Tel Yo ns felse, Ara $0 


Ne coparry come dandy Near Te OE In pep wehation % ? € 


Vet in veality He mean popnlabin 


¥ 


rh emploges wy ye 
bf a Pergo yees aS) Oeste fven NYT. 
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(b) Assume that o, the standard deviation of the systolic blood pressure of all employees at the corporation, is 
15 mmHg. If 4 = 122, the sampling diswibution of X for samples of size 100 is approximately normal with 
a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What values of the sample mean ¥ would 
represent sufficient evidence to reject the null hypothesis at the significance level of a = 0.05 7 


Mes yLD UCE > beast 1 ig 
< t . 
6; - wr, = & 2 bt Knot 


Po Ltus or areata wentd previde p-ralve <nros 





CZ oF 
jou X_- DR. i x 4 uerreil 
t ; . 
x 


The actual mean systolic blood pressure of all employees at the corporation is 125 mmHg, not the hypothesized 
value of 122 mmHg, and the standard deviation is 15 mmHg. 
(c) Using the actual mean of 125 mmHg and the results from part (b), determine the probability that the null 


hypothesis will be rejected. 





2 on ty / ae Drolvab 


Cem 4 Pyniahion oF 
Vik een I UT or hegher ht 


getiry a - Sample 
K- Ms Pe UeT - Ay 2-0.355 


by 


= 
‘a 
yy 
x 
Nw 
u 





Te. 21h 
p(2e 985) =. gts ert 


Usteg Ne. atinal ween Pie 1 G38 7. chamee. 


het he aedy tn pave op wl 


a i, 
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(d) What statistical term is used for the probability found in part (c) ? 





- + 


t & 
ths tw Pe powes > thy proba ese 
ye ge will covre thy vee A a Lad re oryall he y peheris , 


te 


(e) Suppose the size of the sample of employees to be selected is greater than 100. Would the probability of 
rejecting the null hypothesis be greater than, less than, or equal to the probability calculated in part (c) ? 
Explain your reasoning. 

To Kn i qrester Than 1D0, Re paver Pa 
- 5 Tsk” Le 
desk wow d there ae, and Tres Pe probe: Mey 


Wn park (O wil) olse increone, 

This hecanse US val) decrease Z ard so Tu 
Semple man eedid te study (b) + 
rej eck re null hype hos ts wil also Aeertenye 
Lonseepnunt ty Pe 2 Ser ete th pate oc wil 
Gecveene (rere reagiwe) ard he provab itty 
OF ebYaning a Sample with Te aforementioned 


Mean wil Ineyent. 
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STATISTICS 
SECTION IL 
PartB 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section II score—25 


Directions: Show all your work. Indicate clearly the methods you use, becquse you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


6. Systolic blood pressure is the amount of pressure that blood exerts on blood vessels while the heart is beating. 
The mean systolic blood pressure for people in the United States is Teported to be e 122 millimeters of mercury 
(mmHg) with a standard deviation of4S.immHg — 
The wellness department of a large corporation is investigating whether the mean systolic blood pressure of 
ifs employees is greater than the teported national mean. A random sample of 100 employees will be selected, 
the systolic blood, pressure of each employee in the sample will be measured, and the Sample mean will be 


calculated, 
Let #2 represent the mean systolic blood pressure of all employees at the corporation. Consider the following 


hypoth€ses. 
Hy: w= 122 
Hy : # > 122 


(a) Describe a Type I error in the context of the hypothesis test. 


fc type Th ecrer weld te osse-dmy 
Mek Ye mew sys he leas ye 
vs ae rently ree really ihits 


oboe Leama 
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(b) Assume that o, the standard deviation of the systolic blood pressure of all employees at the corporation, is 
15 mmHg. If 4 = 122, the sampling distribution of x for samples of size 100 is approximately namal with 
a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What values of the sample mean ¥ would 
represent sufficient evidence to reject the null hypothesis at the significance level of a@ = 0.05? 


nztoo 
re ae ¥- 192 _ pcags 
qo! SL 
ares 
a 
hee Ee es 
2: (ous 


The actual mean systolic blood pressure Of all employees at the corporation is 125 mmHg, not the hypothesized 
value of 122 mmHg, and the standard deviation is 15 mmHg. 


(c) Using the actual mean of 125 mmHg and the results from part (b), determine the probability that the null 


hypothesis will be rejected. cA < 
Fee ok 


O Fe 
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(d) What statistical term is used for the probability found in part (c) ? 


Powe® 


(e) Suppose the size of the sample of employees to be selected 1s greater than 100. Would the probability of 
rejecting the null hypothesis be greater than, less than, or equal to the probability calculated in part (c) ? 


Explain your reasoning. 
"Tee Bmore. employees on samp lea, tp shade 
denck® - ok Yee dishes edd dereris ens 
od RA dete Ceres ae 
veloc ay dhe. Pee om 
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STATISTICS 
SECTION II 
Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section II score—25 


Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations, 


6. Systolic blood pressure is the amount of pressure that blood exerts on blood vessels while the heart is beating. 
The mean systolic blood pressure.for people in the United States is reported to be 122 millimeters of mercury 


(mmHg) with a.standard deviation of 15 mmHg. 


The wellness department of a large corporation is investigating whether the mean systolic blood pressure of 
its employees is greater than the reported national mean. A random sample of 100 employees will be selected, 
the systolic blood pressure of each employee in the sample will be measured, and the sample mean will be 


calculated. 
Let y represent the mean systolic blood pressure’ of all employees at the corporation. Consider the following 


hypotheses. 
Ho : # = 122 
H, + > 122 
(a) Describe a Type II eit in'the context of the hypothesis test. 
kaye ery is incarrectly Fejecting he Aull hypothesss. 
In AAs @mext 8 Xupe le arty vould be 
Concluding ‘rat. tre mean systolic. ‘load Wessure 
OF aly employees ig gteartey 63 the Yeflorte,\ 
ation ; E 
Notional” mean jn Though Ib is <qua\ te 
She. Aariona\ Mean, 
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(b) Assume that o, the standard deviation of the systolic blood pressuré of all employees at the corporation, is 
15 mmHg. If 4 = 122, the sampling distribution of ¥ for samples of size 100 is approximately normal with 
a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What values of the sample mean ¥ would 
represent sufficient evidence to reject the null hypothesis at the significance level of a = 0.05? 


AE e(<<18a) <0.05 (ts a) 
© YX haato be fers than 
of @qva\ to WM, in orde & 


ste tale te sat HRI ewNgy 
hy aothesis accor IB 


tothe € aan k= MGB 
The actual mean systolic blood pressure’ of all employees at the corporation is 125 mmHg, not the hypothesized 
value of 122 mmHg, and the standard deviation is'15 mmHg.” 
(c) Using the actual mean of 125 mmHg and the results-from part (b), determine the probability that the null 

hypothesis will be rejected; . 


re 











PY “4 : ee \ 0.05 
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(d) What statistical term is used for the probability found in part © v 


The teem ts proba iy oko a ype Tr 


R(for, 


(e) Suppose the size of the sample of employees to be sélected is greater than 100. Would the probability of 
rejecting the null hypothesis be greater than, less than, or equal to the probability calculated in part (c) ? 
Explain your reasoning. 


The giobabiltsy oF “ejecting the nuh Tygodteors vai) 
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thet (eyerk ‘ees nash rypetnes's ts EWE, Whey 
WR haves og higher Sample “sppeayy at get; close, 
fo the frean . This creates 0 higher pebobniity 


Ok. Fee ne push hy pothesis, 


Unauthorized copying or reuse of 
any part of this page Is Illegal, GO ON TO THE NEXT PAGE. 
-18- 





© 2018 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 


AP® STATISTICS 
2018 SCORING COMMENTARY 


Question 6 
Overview 


The primary goals of this question were to assess a student’s ability to (1) describe what constitutes a Type II 
error for a specific hypothesis test; (2) specify a rejection region in terms of values of the sample mean; (3) 
compute the power of a test for a specific value in the alternative hypothesis; (4) recognize the definition of 
power; and (5) understand the impact of increasing the sample size on the power of a test. 


Sample: 6A 
Score: 4 


In part (a) the response indicates that a Type II error occurs when the alternative hypothesis is true, the population 
mean systolic blood pressure is greater than 122, which satisfies component | of section 1. The response also 
indicates the results of the hypothesis test are to fail to reject the null hypothesis, that the population mean blood 
pressure is equal to 122, which satisfies component 2 of section 1. In part (b) the response recognizes that because 
the population standard deviation is given, the normal distribution is appropriate for this problem and provides the 
correct standard normal value for the upper five percent, which satisfies component 3 of section 1. The correct 
population mean of 122 and standard deviation of the sampling distribution of 1.5 are clearly labeled as the values 
used in the correct calculations of sample mean values that would reject the null hypothesis, which satisfies 
component 4 of section 1. Because all four components are satisfied, section 1 was scored as essentially correct. In 
part (c) the response clearly indicates the probability provided is the probability of getting a sample mean higher 
than the value found in part (b), which satisfies component | section 2. The response provides a clear indication that 
the population mean used for the calculation is the new value of 125 and that the standard deviation of the sampling 
distribution is 1.5, which satisfies component 2 of section 2. The response indicates a use of the normal distribution 
to obtain the correct probability, which satisfies component 3 of section 2. Because all three components are 
satisfied, section 2 was scored as essentially correct. In part (d) the response correctly indicates that the name of the 
probability found in part (c) is power, which satisfies component | of section 3. In part (e) the response correctly 
states that the probability found in part (c) will increase if sample size increases, which satisfies component 2 of 
section 3. The response indicates that increasing the sample size will decrease the standard deviation of the sampling 
distribution, which satisfies component 3 of section 3. The response also indicates that the value found in part (b) 
will decrease if the sample size increases, which satisfies component 4 of section 3. Because all four components are 
satisfied, section 3 was scored as essentially correct. Because three sections were scored as essentially correct, the 
response earned a score of 4. 


Sample: 6B 
Score: 3 


In part (a) the response indicates that a Type II error occurs when the alternative hypothesis is true, the population 
mean systolic blood pressure is greater than 122, which satisfies component | of section 1. The response also 
indicates the results of the hypothesis test are to fail to reject the null hypothesis, the population mean blood pressure 
is equal to 122, which satisfies component 2 of section 1. In part (b) the response correctly indicates the standard 
normal critical value as 1.645 and uses a drawing to indicate the area that the values would reject the null hypothesis 
is on the upper tail, which satisfies component 3 of section 1. The response indicates the correct population mean of 
122, uses the correct standard deviation of 1.5, and provides the correct value for the minimum value to reject the 
null hypothesis, which satisfies component 4 of section 1. Because all four components are satisfied, section 1 was 
scored as essentially correct. In part (c) the response indicates with a drawing that the probability being calculated is 
the probability greater than the value found in part (b), which satisfies component | of section 2. The response 
indicates the correct population mean of 125 and standard deviation of 1.5, which satisfies component 2 of section 2. 
The response indicates the use of the ¢ distribution, rather than the normal distribution, to calculate the probability 
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Question 6 (continued) 


indicated, which does not satisfy component 3 of section 2. Because only two of the three components are satisfied, 
section 2 was scored as partially correct. In part (d) the response correctly indicates that the name of the probability 
found in part (c) is power, which satisfies component | of section 3. In part (e) the response correctly states that 
when the sample size is increased, the probability from part (c) will increase, which satisfies component 2 of 
section 3. Although the response does not indicate for which distribution the standard deviation decreases in words, 
the response indicates the standard deviation of the sampling distribution in symbols within the explanation, which 
satisfies component 3 of section 3. The response does indicate that the minimum value that rejects the null 
hypothesis, found in part (b), will decrease when sample size increases, which satisfies component 4 of section 3. 
Because all four components are satisfied, section 3 was scored as essentially correct. Because two sections were 
scored as essentially correct, and one section was scored as partially correct, the response earned a score of 3. 


Sample: 6C 
Score: 1 


In part (a) the response is describing Type I error rather than Type II error. The response does not indicate that the 
alternative hypothesis is true, the population mean systolic blood pressure is actually greater than 122, which does 
not satisfy component | of section 1. The response does not indicate that the test fails to reject the null hypothesis 
that the population mean systolic blood pressure is equal to 122, which does not satisfy component 2 of section 1. 
In part (b) the response indicates that the critical value for the area for which the null hypothesis is rejected is the 
lower five percent of the ¢ distribution, which does not satisfy component 3 of section 1. The response does indicate 
the correct population mean of 122, standard deviation of 1.5, and the corresponding sample mean value consistent 
with the work shown, which satisfies component 4 of section 1. Because only one of four components is satisfied, 
section | was scored as incorrect. In part (c) the response indicates the probability calculated is a probability less 
than the value found in part (b). The response satisfies component 1 of section 2 because finding the probability in 
the lower tail is consistent with the response in part (b). The response indicates the correct population mean of 125, 
but the standard deviation used in the calculations is 15 rather than 1.5, which does not satisfy component 2 of 
section 2. The response uses a f distribution in part (b) and then continues with the f distribution in part (c) to find 
the corresponding probability based on the work provided, which satisfies component 3 of section 2. Because two of 
the three components are satisfied, section 2 was scored as partially correct. In part (d) the response does not 
correctly identify the name of the probability found in part (c) as power, which does not satisfy component | of 
section 3. The response indicates that the probability found in part (c) will increase if the sample size increases, 
which satisfies component 2 of section 3. The response indicates that the standard deviation of the sampling 
distribution will decrease if sample size is increased, which satisfies component 3 of section 3. The response 
indicates that the maximum sample mean needed to reject the null hypothesis will increase when the sample size 
increases because the response has been consistent with finding the lower five percent in the rejection region, and 
component 3 of section 3 is satisfied. Because three of the four components are satisfied, section 3 was scored as 
partially correct. Because two sections were scored as partially correct, and one section was scored as incorrect, the 
response earned a score of 1. 
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